Objective. The infrapatellar fat pad (IFP) is considered a local producer of adipocytokines, suggesting a potential role in OA. The objective of this study was to evaluate the histopathological and molecular characteristics of OA IFPs compared with controls.
Introduction
OA is the most common musculoskeletal disorder and a major cause of pain and disability in the adult population [1] . The knee is the main joint affected by OA [2] , with a prevalence estimated between 10 and 13% in elderly people [3] . A novel concept considers OA as a wholejoint inflammatory disease, involving not only cartilage but also subchondral bone, meniscus and synovial membrane [4] . Inflammatory cytokines, chemokines and other inflammatory mediators are produced by synovium, cartilage, and other joint tissues and can be measured in the SFs of OA patients [5] .
In the knee, the infrapatellar fat pad (IFP) is situated between the patellar tendon, femoral condyles and tibial plateau and located closely to the synovial layers and cartilage surfaces, where it can influence these structures [6] . Although the IFP was traditionally considered as having only a buffering and lubricating function, recent studies have shown that this tissue might be a local modulator of inflammatory responses contributing to the initiation and progression of knee OA [7, 8] . Similarly to other adipose depots, the IFP might be a source of pro-inflammatory cytokines, called adipokines, which have been largely found in the SF of OA patients [9] . The cytokine production/expression of the IFP has been investigated only in a few studies [10, 11] . In 2003 Ushiyama et al. [12] showed that homogenates of IFP tissue obtained from patients undergoing surgery expressed basic fibroblast growth factor, IL-6, VEGF and TNF-a. Furthermore, Distel et al. [10] found an increase in IL-6 and IL-6 soluble receptor secretion in the IFP of obese OA patients, suggesting a role for the IFP in OA inflammation. Finally, Klein-Wieringa et al. [11] characterized the immune cell fraction of the IFP, revealing a more inflammatory phenotype than that of the subcutaneous adipose tissue.
Although recent findings suggest a role for the IFP in the pathogenesis of OA, the actual contribution of the IFP to OA pathology is yet to be fully clarified. Histologically normal IFP consists of white adipose tissue, organized in lobules delimited by thin connective septa, rich in collagen I fibres [13] .
The distinguishing microscopic and morphologic characteristics of the osteoarthritic IFP compared with those of the normal IFP have not yet been clearly described Moreover, a microscopic scoring system for the OA IFP is not available. In the present study we evaluated the histopathological and molecular characteristics of the IFP of OA patients.
Methods
Patients and tissue collection Twenty-eight patients fulfilling the ACR classification criteria for knee OA [14] and undergoing total knee replacement (TKR) for OA at the Orthopaedic Clinic of the University-Hospital of Padova (Italy) were enrolled in the study after providing written informed consent. The Ethical Committee of Padova Hospital approved the study, and the study was carried out in accordance with the principles of the Declaration of Helsinki. The following clinical data were collected: age, sex, BMI and comorbidities. During surgery, the IFP and adjacent synovial membrane were collected and processed as follows: an aliquot was fixed in 10% formalin and then paraffin-embedded for histochemical studies, and another was frozen in liquid nitrogen and stored at À80
C. The controls were represented by IFP and adjacent synovial membrane specimens sampled (at least 48 h postmortem) from bodies or body parts of healthy subjects without history of symptomatic OA involved in the Body Donation Program known as Donation to Science (held by Padova University) [13] . The cadavers did not exhibit macroscopic evidence of OA.
Microscopical study
Thick sections of 10 mm were obtained from the paraffinembedded samples, and were stained with haematoxylineosin (EE) or used for immunohistochemistry (IHC). We focused on the evaluation of both the IFP and the adjacent synovial membrane. The microscopical characteristics of the IFP were scored according to the presence of lymphocytic infiltration, vascularization, adipose lobules dimension and thickness of the interlobular septa. The presence of mononuclear cell infiltration was evaluated in EE-stained tissue sections and graded as follows: grade 0 = no presence of lymphocytic infiltration; grade 1 = presence of perivascular mononuclear cell infiltration; grade 2 = both perivascular and interstitial mononuclear cell infiltration.
Vascularization was evaluated in the EE-stained tissue sections, counting the number of vessels in the whole slice in four slices for each case. The mean number of vessels was considered.
The synovial membrane involvement was evaluated according to a synovial histopathological grading [15, 16] considering lymphocytic infiltration (03), synovial hyperplasia (02), vascularization (02), fibrosis (02), mucoid change (04) and detritus (02).
The grading characteristics were independently scored by two authors (V.M. and A.P.), using a DM4500-B light microscope (Leica Microsystems, Wetzlar, Germany) and recorded in full colour (24-bit) with a digital camera (DFC 480, Leica Microsystems). The intra-and inter-reliability of IFP lymphocytic infiltration were 0.92 and 0.91, respectively. Inter-and intra-rater reliability of synovial membrane histological features ranged between 0.92 and 1.
Morphometry
After digitizing the images acquired from EE-stained sections, the diameter of the adipocyte lobuli and the thickness of the interlobular septa were measured, using specific imaging software (Adobe Photoshop CS5, Adobe Systems Incorporated, USA). Septa were first manually identified in the images acquired at Â1.25 primary magnification. Then, using a specific Programming Language Software (Matlab R2012b, The MathWorks, Inc., USA), images were converted to 8-bit binary images. The thickness of interlobular septa and the dimensions of adipose lobuli were then evaluated.
IHC
Immunohistochemical stains were performed in IFPs as follows: anti-VEGF antibody (polyclonal mouse antibody, Santa Cruz Biotechnology); anti-monocyte chemotactic protein 1 (MCP-1) (polyclonal rabbit antibody, Thermo Fisher); anti-IL-6 antibody (polyclonal mouse antibody, Thermo Fisher). The anti-VEGF antibody was used with a dilution of 1:200 and antigen retrieval with proteinase K; the anti-MCP-1 antibody was used with a dilution of a 1:200 without antigen retrieval; and the anti-IL-6 antibody was used with a dilution of 1:200 without antigen retrieval. The sections were incubated using the DAKO Autostainer System (EnVision TM FLEX, High pH). Sections incubated without primary antibody showed no immunoreactivity, confirming the specificity of the immunostaining.
Vascularization evaluated by IHC with anti-VEGF was graded as follows: 1: <20 vessels labelled; 2: 2040 vessels labelled; and 3: >40 vessels labelled. The localization of MCP-1 and IL-6 was evaluated by IHC on stained tissue sections using the following score: grade 0: no presence of cell staining; grade 1: presence of positive isolated roundish cells; grade 2: presence of both positive isolated roundish cells and crown-like structures, as previously reported [17] .
Quantitative real-time PCR Total RNA was extracted from IFP not in contact with synovial membrane using a QIAMP mini kit (QIAGEN), following the manufacturer's protocol. First-strand cDNAs were synthetized from equal amounts of total RNA using random primers and M-MLV reverse trascriptase (Promega). Quantitative real time PCR (qRT-PCR) for adipokines [leptin, adiponectin, peroxisome proliferative activated receptor gamma2 (PPAR), fatty acid binding protein 4], cytokines (IL-6, TNF-a, MCP-1), VEGF and TGF-b was performed using SYBR Green fluorofore.
Reaction efficiency was established for each set of primers and for an endogenous unregulated reference gene (18 S) (after quantification of six different dilutions of the cDNA pool) and calculated from the slope according to the equation E = 10 À1 /slope [18] . The cycle threshold (Ct) for each sample was used to calculate the amount of selected candidate and reference mRNAs relative to the internal standard. Relative quantification was based on the expression of the target gene toward the 18 S rRNA housekeeping gene giving a ratio of the gene of interest. Real-time PCR was performed in triplicate for each gene and carried out in duplicate for each sample by DNA Engine Opticon 2 (MJ Research, Waltham, MA, USA). Post PCR analysis (Melting Curve) confirmed the specificity of the amplification signal target of our gene. Sequences of primers are reported in supplementary Table S1 , available at Rheumatology Online. It was not possible to extract mRNA from the IFPs of cadavers for technical reasons since the bodies were available to the Anatomy Department at least 48 h after the death, resulting in mRNA degradation.
Statistical analysis
Inter-and intra-reader reliability of histopathology scores were reported as a weighted kappa statistic. The ShapiroWilk test was used to determine whether data were distributed normally. The data were shown as means (S.D.). The chi-square test or Fisher's exact test was performed to compare categorical and dichotomous data. The MannWhitney test or Student's t test were used to compare continuous variables. Spearman's or Pearson's correlations were performed to analyse associations between continuous variables. One-way analysis of variance or the KruskalWallis test, with Tukey's post hoc tests, was used to analyse categorical data. A P < 0.05 was considered as statistically significant. All analyses were performed with SPSS version 22.0.
Results

Patient demographic and clinical characteristics
Twenty-eight patients undergoing TKR for OA were enrolled in the study. Specimens were also collected from eight cadavers as controls (without OA) ( Table 1 ). There were 75% females in the OA group and 50% in the control group (P = 0.047). OA subjects were statistically younger (P < 0.0001) than the controls. BMI was statistically higher (P = 0.0002) in the OA patients than in the controls.
IFP histology, IHC and morphometry
Twenty-seven IFP samples underwent histologic and morphologic analysis (one sample was not analysed for technical reasons). The IFPs showed typical microscopical characteristics of white adipose tissue organized in adipose lobuli separated by fibrous septa (Fig. 1) . The IFP histological characteristics are summarized in Table 2 . No differences were detected in the mean diameter of OA IFP adipose lobuli compared with those of controls. The vascularity (evaluated in both EE-stained and anti-VEGFstained sections), and the thickness of the interlobular septa was significantly higher in OA patients compared with in controls (P < 0.0001 and P = 0.004, respectively) (Figs 1 and 2 ). Lymphocytic infiltration was present in 22 OA patients (81.5%), while it was not observed in any of the IFPs used as controls (P = 0.001).
OA patients with presence of IFP lymphocytic infiltration had thicker lobuli septa (P = 0.055) and smaller adipose lobuli (P = 0.040) compared with OA subjects without IFP lymphocytic infiltration. The percentage of IL-6 and MCP-1positive roundish cells and/or crown-like structures were significantly higher in the OA IFP patients compared with in the controls (P < 0.0001) ( Table 2 and Fig. 2 ).
Synovial membrane histopathological characteristics
The synovial membrane involvement was evaluated in 22 cases. The presence of lymphocytic infiltration and
FIG. 1 Histological features of infrapatellar fat in OA and in control
Microscopic appearance of the IFP in OA (left column) and in control (right column), showing the adipose lobuli separated by thick fibrous septa in OA (A) compared with in the controls (B). In OA patients the vessels were more numerous (C) with compared with in the controls (D), and showed major mononuclear infiltration (highlighted by the arrow) (E) compared with in the controls (F). AF, haematoxylin-eosin. Scale bars: (AD), 600 mm; (E and F), 150 mm. hyperplasia was statistically higher in the OA synovial membrane compared with that of controls (P < 0.001, P = 0.001, respectively). In addition, the synovial membrane of OA patients was more vascularized and fibrotic compared with that of controls (P < 0.001, P = 0.002, respectively). No differences were found in mucoid change and detritus between OA patients and controls. The histological characteristics of the IFP adjacent synovial membrane are described in detail in Table 3 and Fig. 3 .
qRT-PCR analysis
We analysed 26 IFP OA samples (two samples were not suitable for the molecular analysis for technical reason). All analysed samples showed the expression of white adipose tissue typical genes (leptin, adiponectin, PPARg and fatty acid binding protein 4), inflammatory markers (IL-6, TNFa and MCP-1), markers of neoangiogenesis (VEGF) and fibrosis (TGF-b). Since it was not possible to evaluate the molecular profile of cadaver IFPs, gene expression levels of OA IFPs were correlated with clinical (age and BMI) and histological characteristics. In particular, gene expression levels were not found to differ between patients with or without lymphocytic infiltration in the IFP or in the adjacent synovial membrane. In addition, the molecular expression profile was not statistically different between overweight (25 > BMI < 30) or obese (BMI 5 30) patients compared with that of normal-weight subjects.
Correlations between gene expression levels, clinical and histological data
In OA IFPs, expression levels of leptin mRNA showed a positive correlation with those of adiponectin (P < 0.001, r = 0.876) and MCP-1 (P = 0.017, r = 0.462), and the expression of adiponectin positively correlated with that of PPARg (P < 0.001, r = 0.940) and MCP-1 (P = 0.003, r = 0.564). Moreover, a strong positive correlation was found between MCP-1 and PPARg gene expression levels (P < 0.001, r = 0.903). Notably, adiponectin mRNA expression levels were positively correlated with BMI (P = 0.035; r = 0.415) and the number of blood vessels of OA IPFs (P = 0.021, r = 0.458). The OA IFP lobules dimensions were positively correlated with IL-6 gene expression (P = 0.002, r = 0.599) and negatively correlated with the thickness of interlobular septa (P = 0.039, r = À0.399). BMI was positively correlated with the thickness of interlobular septa (P = 0.032, r = 0.414). IFP VEGF mRNA expression levels were positively correlated with increased synovial vascularity (P = 0.04). VEGF protein levels detected by IHC were associated with a higher number of vessels as detected in EE sections of the OA IFPs (P < 0.0001), while MCP-1 and IL-6 immunostainings of OA IFPs were associated with higher grades of lymphocytic infiltration as evaluated in EE sections (P < 0.0001). In addition, higher OA IFP IL-6 scores evaluated by IHC were associated with higher grades of synovial membrane fibrosis evaluated in EE sections (P = 0.015). All the correlations were confirmed, even after outlier removal, and are reported in supplementary Fig. S1 , available at Rheumatology Online. No correlations have been observed between molecular and IHC data.
Discussion
OA is considered to be a whole-joint disease, and it has been suggested that the IFP plays an active role in the OA inflammatory process [19, 20] . Here we observed an increase in lymphocytic infiltration, vascularity and thickness of the interlobular septa of OA IFPs compared with those of controls. Moreover, we evaluated the IFP adjacent synovial membrane histology using the Scanzello histological scoring system [15, 16] , showing an increase in lymphocytic infiltration, hyperplasia, vascularity and fibrosis compared with in controls. The presence of mononuclear cell infiltration is consistent with other findings showing similar immune cell composition in the OA IFP and synovial membrane [21] . IHC analysis using anti-MCP-1 and anti-IL-6 showed roundish, isolated positive cells (grade 1) and/or crown-like structures (grade 2) in all OA IFP samples, while positive MCP-1 and IL-6 immunostaining of grade 1 was found only in 20% of the control samples. These crown-like structures have been previously described in inflamed adipose tissue in people with obesity [22] . They seem to be formed by monocytes/ macrophages localized in the periphery of degenerating adipocytes [22, 23] . Recruitment of blood-derived inflammatory cells mediated via different adipokines and forming the crown-like structures might be the source of further inflammatory cytokines and chemokines. Indeed, the higher grades of infiltration observed in EE sections were associated with increased MCP-1 and IL-6 immunostaining detected by IHC. Vascularity was increased in both OA IFPs and adjacent synovial membranes compared with in controls. Fibrosis represents an ubiquitous tissue response to an unresolved chronic inflammation [17] , and the presence of a fibrotic process in the IFPs of OA patients undergoing TKR is not novel [19] . Here, we described an increased thickness of the interlobular septa in the OA IFPs compared with in controls. Furthermore, the OA synovial membrane exhibited fibrosis in 81.9% of patients. Henegar et al. [24] demonstrated that in the white adipose tissue of obese subjects there is an increase in the extracellular matrix components, both at the gene expression and protein levels, suggesting that an inflammatory stimulus may be responsible for an excessive synthesis of extracellular matrix components and subsequent interstitial deposition of fibrotic material. The relationship between inflammation and fibrosis is also supported in the present study by the finding that OA patients with lymphocytic infiltration of IFPs had thicker lobuli septa and smaller adipose lobuli compared with controls. In addition, the parallelism between microscopic changes in the synovial membrane and IFPs might suggest a common pathological process involving both tissues and/or cellcell cross-talk.
Histological changes such as IFP fibrosis may be involved not only in molecular OA processes, but may also cause an alteration of the IFP biomechanical properties, modifying its ability to absorb gravitational forces acting on the knee joint, and thus promoting and perpetuating joint damage [25] .
In addition, we analysed the expression of adipocytokines, correlating them with the histological and molecular features of the OA IFP and the adjacent synovium. Unfortunately, we were not able to compare the mRNA expression levels of OA IFPs with those of the cadavers used as controls, which is a limitation of this study. However, we performed IHC for VEGF, MCP-1 and IL-6 in IFPs of patients affected by OA and also of control patients. In our cohort, no relevant differences were observed with respect to the presence of lymphocytic infiltration after grouping OA patients according to BMI.
Surprisingly, we observed a positive correlation between the expression of adiponectin and leptin mRNA levels in OA IFPs. Moreover, both adipokines were correlated with MCP-1 mRNA levels, and adiponectin was correlated with PPARg mRNA levels. Classically, leptin and adiponectin, both produced by white adipocytes, are considered to be pro-inflammatory and anti-inflammatory adipokines, respectively [26] . However, the relationship between inflammation and these two adipokines within joints remains controversial. In fact, there are some studies supporting a pro-inflammatory role and others suggesting an antiinflammatory action of these two proteins [2734] .
In support of our findings, a recent study suggested that adiponectin might have a pro-inflammatory role in IFP tissue, inducing the expression of inflammatory markers in chondrocyte cell lines [31] . Francin et al. [30] demonstrated that adiponectin stimulated MMP-13 and PGE2 expression in chondrocytes. Moreover, a pro-inflammatory role of adiponectin was demonstrated in human synovial fibroblasts, inducing the expression of several MMPs [32] . It is likely that the different actions of adiponectin might be related to the existence of the following adiponectin isoforms: low-molecular-weight (LMW) trimer, medium-molecular-weight (MMW) hexamer and high-molecular-weight (HMW) multimer. It has been shown that only LMW adiponectin displays anti-inflammatory properties in vitro, while MMW and HMW adiponectin exhibit pro-inflammatory proprieties in vitro [35, 36] . On the other hand, leptin has been shown to increase the expression of several metalloproteinases (MMPs), a disintegrin and metalloproteinase with thrombospondin motifs -4 (ADAMTS-4) and ADAMTS-5 in rat cartilage [27] , and the secretion of inflammatory molecules such as IL-6 and IL-8 in human OA cartilage [33] . In the light of these studies, the positive correlation between adiponectin and leptin in OA IFPs might suggest a synergistic pro-inflammatory action in knee OA, supported also by the direct correlation of both adipokines with MCP-1 expression. Nevertheless, an association between molecular and immunohistochemical data has not been found.
PPARg, a regulator of glucose and lipids metabolism, is well known as an inducer of adiponectin expression in adipocytes, supporting the correlation observed here [14] . Nevertheless, an anti-inflammatory role of PPARg in OA cartilage has been described [37] . However, no studies have analysed the relationship between PPARg and MCP-1 in OA; thus the role of PPARg in the setting of inflammation remains controversial. We showed a strong positive correlation between MCP-1 and PPARg expression levels. Adiponectin has been shown to induce in vitro angiogenesis in endothelial cells [38] , supporting the positive correlation observed here between adiponectin expression levels and the number of blood vessels in OA IPFs. In addition, IFP VEGF expression levels were associated with increased synovial vascularity, suggesting a possible interaction between the IFP and the adjacent synovial membrane.
It is known that IL-6 is increased in OA IFPs in comparison with the subcutaneous adipose tissue, suggesting a pro-inflammatory role of the IFP in the pathogenesis of OA [9] . We have shown that OA IFP lobules dimensions are correlated positively with IL-6 expression, and correlated negatively with the thickness of interlobular septa. Surprisingly, IL-6 expression was not correlated with lymphocytic infiltration of either IFP or synovial membrane. The OA structural changes evidenced by histology were an increase in inflammatory cells, a reduction of adipose tissue, and an increase in fibrosis, changes that could have affected IL-6 expression.
The correlations observed here between gene expression and the histological characteristics underline the potential cross-talk between the IFP and the synovial membrane, and the importance of the histological changes (such as fibrosis) in cytokines production, thus helping our understanding of OA pathology. In addition, the correlations observed between adipokines and cytokines might be useful for identifying novel targets for the development of new pharmacological treatments for this invalidating disease.
The age and BMI of the OA group were significantly different compared with controls, although no relevant differences were found in our study grouping OA patients according to age and BMI. Regarding this point, an abstract has been presented at the 2016 OARSI conference, confirming that BMI does not affect OA IFP adipocytes size [39] . In our study, BMI was correlated only with the thickness of interlobular septa. No associations were found between BMI or age and IFP or synovial membrane lymphocytic infiltration or vascularization. We did not perform a multivariate analysis adjusting for BMI and age because of the small number of patients. Furthermore, the mRNA from cadaver IFPs was not available. Nevertheless, we performed IHC for VEGF, MCP-1 and IL-6.
In conclusion, our study describes for the first time the histopathological characteristics of IFPs in a cohort of patients with knee OA compared with non-OA controls. IFP www.rheumatology.oxfordjournals.org showed pathologic structural changes in terms of fibrosis, vascularization and inflammatory infiltrates. Importantly, these changes were also observed in the IFP adjacent synovial membrane, suggesting a possible cross-talk between these two tissues, which needs to be better explored.
